The relative distribution of abundances of refractory, intermediate, and volatile elements in stars with planets can be an important tool for investigating the internal migration of a giant planet. This migration can lead to the accretion of planetesimals and the selective enrichment of the star with these elements. We report on a spectroscopic determination of the atmospheric parameters and chemical abundances of the parent stars in transiting planets . Adding data for CoRoT-3 and CoRoT-5 from the literature, we find a flat distribution of the relative abundances as a function of their condensation temperatures. For CoRoT-2, the relatively high lithium abundance and intensity of its Li i resonance line permit us to propose an age of 120 Myr, making this stars one of the youngest stars with planets to date. We introduce a new methodology to investigate a relation between the abundances of these stars and the internal migration of their planets. By simulating the internal migration of a planet in a disk formed only by planetesimals, we are able, for the first time, to separate the stellar fractions of refractory, intermediate, and volatile rich planetesimals accreting onto the central star. Intermediate and volatile element fractions enriching the star are similar and much larger than those of pure refractory ones. This result is opposite to what has been considered in the literature for the accreting self-enrichment processes of stars with planets. We also show that these results are highly dependent on the model adopted for the disk distribution regions in terms of refractory, intermediate, and also volatile elements and other parameters considered. We note however, that this self-enrichment mechanism is only efficient during the first 20 -30 Myr or later in the lifetime of the disk when the surface convection layers of the central star for the first time attain its minimum size configuration.
Introduction
and Santos et al. (2001) first identified a metallicity excess in stars with giant planets (SWP) relative to stars without planets. The tendency has been confirmed using large samples of stars. Nevertheless, planets have also been observed around low metallicity main-sequence stars (Cochran et al., 2007) . We note, however, that such a large statistical metal excess found among dwarf stars is not present in giant stars with planets (Pasquini et al., 2007) .
Using iron as a primary reference element, this metal excess, has been the source of a number of studies trying to explain this property. Two scenarios have been invoked: a self-enrichment mechanism of normal metal stars and a primordial scenario, in which SWP are the result of the formation of entire metal-rich stars in equally metal-rich natal clouds. Which scenario is correct remains an open question to this day.
What about CoRoT exoplanet host stars? Although there are few cases with which to perform a statistical study, these stars exhibit a different distributions: the majority have solar abundances, one has a mild metal excess, and one has a low metal abundance. Even at this early stage, we are tempted to speculate that CoRoT is exploring a different backyard of the Galaxy Send offprint requests to: C. Chavero e-mail: carolina@on.br ⋆ Based on observations made with the 2.2m telescope at the European Southern Observatory (La Silla, Chile).
with different properties from those of the Solar vicinity. Where does the bulk of the metal excess of the SWP mentioned above originate?
The relative distribution of the stellar abundances of refractory elements, with a high condensation temperature (T C ), with respect to the volatile elements (low T C ), has been widely used in the literature as a tool to investigate the nature of metal enrichment in SWP (see review papers of Gonzalez (2003 Gonzalez ( , 2006b ).
This enrichment mechanism should be triggered by the action of a hot Jupiter. The observed pile up of hot Jupiters is believed to be the result of migration. These planets formed further away in the protoplanetary nebula and migrated afterwards to the small orbital distances at which they are observed. During inward migration, material (planetesimals) from the disk, depleted in H and He, could be accreted onto the star. The presence of a positive slope of [X/H] versus T C , in which the abundances of volatile elements are lower than that of the refractory abundances, has been considered as a possible signature of a selfenrichment mechanism (Smith et al., 2001) . This is based on the never proven assumption that stellar accretion only favors near star disk regions rich in refractory elements.
In Winter et al. (2007) , we explored by means of numerical simulations stellar accretion caused by an inward forced planetary migration in a disk formed only by planetesimals that cause a metallic self-enrichment of the central star photosphere. At present, we attempt to identify this stellar accretion by deter-mining the origin in the disk of these particles (planetesimals). In this way, we can separate the contributions of rocky material enriched differentially with refractory, intermediate, and volatile elements. In this work, we apply this methodology to three different systems, namely: CoRoT-2 , 3 , and 4 (Aigrain et al., 2008) . The main purpose of this work is to analyze the mentioned slopes of [Fe/H] vs. T C corresponding to CoRoT-2, CoRoT-3, CoRoT-4, and CoRoT-5 and their interpretations. For cases 2 and 4, we obtained new high resolution spectra. Cases 3 and 5 are taken from the literature.
Observations
The high-resolution spectra of CoRoT-2 and CoRoT-4 analyzed in this work were obtained with the FEROS (Fiberfed Extended Range Optical Spectrograph) echelle spectrograph (Kaufer et al., 1999) of the 2.2 m ESO telescope at La Silla (Chile), on October 23th, 2008. The FEROS spectral resolving power is R=48 000, corresponding to 2.2 pixel of 15 µm, and the wavelength coverage ranges from 3500 to 9200 Å. The nominal signal-to-noise ratio (S/N) was evaluated by measuring the rmsflux fluctuation in selected continuum windows, and the typical values were S/N 55-60 after 2 × 3600 s of integration time. The spectra were reduced with the MIDAS pipeline reduction package consisting of the following standard steps: CCD bias correction, flat-fielding, spectrum extraction, wavelength calibration, correction of barycentric velocity, and spectrum rectification.
Abundance analysis of CoRoT-2 and CoRoT-4

Stellar parameters and iron abundances
Determination of the basic, effective temperature (T eff ), surface gravity (log g), microturbulence (ξ t ), metallicity ([Fe/H]) , and the abundance analysis were derived by means of the standard approach of the local thermodynamic equilibrium (LTE) using a revised version (2002) of the code MOOG (Sneden, 1973 ) and a grid of Kurucz (1993) ATLAS9 atmospheres, which include overshooting.
The atmospheric parameters were obtained from the iron lines (Fe i and F ii ) by iterating until the correlation coefficients between log ε(Fe i) and lower excitation potential (χl), and between log ε(Fe i) and reduced equivalent width (log(W λ /λ) were zero, and the mean abundance given by Fe i and Fe ii lines were similar. The iron lines taken from Lambert et al. (1996) and Santos et al. (2004) were carefully chosen by verifying that each line was not too strong, and checked for possible blending.
We adopted new log g f values for the iron lines. These values were computed from an inverted solar analysis using solar equivalent widths (EWs) measured from a solar spectrum taken with FEROS and a Kurucz grid model for the Sun (Kurucz 1993) having (T eff , log g, ξ t , log ε(Fe)) = (5777 K, 4.44 dex, 1.00 kms −1 , 7.47 dex). Table 1 contains the linelist used, the adopted parameters, and also includes the EWs measured in each star. Table 2 shows the atmospheric parameters derived by us and those found by other authors.
We determined equivalent widths using the "splot" task of IRAF 1 . Abundances were computed using the ABFIND driver in MOOG. 
Stellar abundances
We present here results for 15 elements (O, Li, Na, Mg, Al, Si, S, Ca, Sc, Ti, Cr, Mn, Ni, Zn, and Ba), plus Fe. The abundances of Na, Mg, Al, Si, Ca, Sc, Ti, Cr, Mn, Ni, Zn, and Ba were derived from the analysis of EWs for several unblended lines, measured by Gaussian fitting. To derive semi-empirical atomic log g f values for the lines of these elements, we used the EWs measured in the solar spectrum and performed an inverted solar analysis, as that carried out fort he iron element. The solar abundances of each element were taken from Anders & Grevesse (1989) . Table  3 summarizes the linelist, the atomic parameters adopted, and the EWs measured in each star. For Li, O, and S, we used a spectral synthesis procedure. It is important to study the highly volatile CNO elements because due to their low T C values, they are indicators of the cool disk zone below 371 K (Lodders, 2003) . We took the condensation temperatures (T C ) from Lodders (2003) , covering a range between 70 and 1800 K. An attempt to measure abundances for an important volatile element, such as C, was unsuccessful. A reliable calculation of the C abundance requires a higher S/N than used in this work. For instance, the C i lines in the region of 7115 Å are hardly detectable and are severely blended. Similar problems are found for other C i lines, but we instead measured other volatile elements as S and O for both stars. The abundance ratios [X/H] (and [Fe/H]) for each element, averaged over all useful lines, are presented in Table 4 , along with the number of lines used in each case.
Abundance uncertainties
The internal errors in the adopted effective temperature and microturbulence can be determined from the uncertainty in the slope of both the Fe i abundance versus excitation potential, and the Fe i abundance versus reduced equivalent width relations. The standard deviation in log g was inferred by changing this parameter around the adopted solution until the and Fe ii mean abundances differ by exactly one standard deviation of the mean value of the Fe i abundance. These quantities are given in Table  2 .
Errors and uncertainties in the atmospheric parameters and determination for the continuum can affect abundance measurements in various ways. We tested the dependence of our results on atmospheric parameters obtained for CoRoT-2 and CoRoT4. Tables 5 and 6 show the variation in the abundance caused by ∆ T eff , ∆ log g, ∆ ξ t , and ∆ W. The sixth column indicates the combined rms uncertainty of the second to fifth columns. The last column indicates the observed abundance dispersion for elements whose abundances were derived using three or more lines.
We can observe that neutral elements are rather sensitive to temperature variations while single ionized elements are sensitive to the variations in log g. For the elements whose abundance is based on stronger lines, such as barium, the error introduced by the microturbulence is significant. For the elements analyzed by means of spectrum synthesis the same technique was used, varying T eff , log g, and ξ, then independently computing the abundance changes introduced by the variation in the above atmospheric parameters.
The abundance uncertainties caused by the errors in the equivalent width measurements were computed from an expression provided by Cayrel de Strobel & Spite (1988) . The errors in the equivalent widths are determined, essentially, by the S/N and the spectral resolution. In our case, having R ≈ 48 000 and a typical S /N of 55-60, the expected uncertainties in the equivalent widths are about 3 mÅ. These error estimates were applied to the measured W ′ λ s and the corresponding changes in the element abundances are listed in Col. 5 of Tables 5 and 6.
The projected rotational velocities for both stars were determined by applying the synthetic spectra method to several single and clean lines. The results presented in Table 2 are the following: for CoRoT-2, we obtain vsin i = 8.5 ± 1 km s −1 and for CoRoT-4, we obtain vsin i = 5.5 ± 1 km s −1 . These values can be compared with those obtained for the same stars by other authors. For CoRoT-4, Moutou et al. (2008) found vsin i = 6.4 ± 1.0 km s −1 , which is similar to our value. The case of CoRoT-2 is different. Bouchy et al. (2008) determined three independent values for this parameter from different procedures: 1) vsin i = 9.5±1.0 km s −1 from SOPHIE cross-correlation functions (CCFs); 2) vsin i = 10.7 ± 0.5 km s −1 from HARPS CCFs; and 3) vsin i = 11.85 ± 0.5 km s −1 by modeling the radial velocity anomaly occurring during the transit caused by the RossiterMcLaughlin (RM) effect. The value obtained using SOPHIE are in closer agreement with our value since the difference is within the error bars.
Column 4 of Table 2 shows the values of the microturbulence calculated for each star. We found a small discrepancy between the ξ t that we found for CoRoT-4 (1.37 km s −1 ) and that found by Moutou et al. (2008) (0.94 km s −1 ), although both works show an approximate solar value. This difference may be caused by the number of iron lines and the method used for determining this parameter. Moutou et al. (2008) used the automatic VWA method , where they adjusted the microturbulence using an iterative procedure requiring that there is no correlation between the abundance and strength of a number of weak sensitive Fe I lines with equivalent widths < 80 mÅ.
However, Moutou et al. (2008) are focused on presenting the discovery of the CoRoT-4b planet, and do not present a detailed analysis of the abundances values of the elements. We note, nevertheless, that our stellar parameters values, even if they have larger errors, are not incompatible with those of Moutou et al. (2008) in terms of T eff and log g.
Lithium
Of the two observed stars, only CoRoT-2 exhibits a relatively strong lithium resonance line with a measured equivalent width of 124 mÅ. The secondary Li i line at 6104 Å appears to be present in the spectrum as a very small feature in the wing of a Fe i line, confirming indirectly the high lithium abundance of this star. The lithium abundances were derived from synthetic spectra matching the observed Li i 6708 Å resonance doublet. The wavelengths and oscillator strengths for the individual hyperfine and isotope components of the lithium lines were taken from Smith et al. (1998) and Hobbs et al. (1999) . The CN lines in the vicinity of the Li i doublet were included in the linelist. The solar 6 Li/ 7 Li isotopic ratio ( 6 Li/ 7 Li= 0.081) Table 5 . Abundance uncertainties of CoRoT-2. Notes. The second column indicates the variation in the abundance caused by the variation in T eff . The other columns refer, respectively, to the variations caused by to log g, ξ t , and W λ . The sixth column indicates the combined rms uncertainty of the second to fifth columns. The last column indicates the observed abundance dispersion for those elements whose abundances were derived using more than two lines. (Anders & Grevesse, 1989 ) was adopted in the synthetic spectrum calculations. For CoRoT-2, we obtained log ε(Li) = 2.70 ± 0.05. The observed and synthetic spectra of CoRoT-2 in the region of Li i line are shown in Fig.1 . For the secondary Li i line, we only obtained the upper limit to the Li abundance of log ε(Li)< 2.8, which agrees with that obtained for the resonance line. The high Li abundance determined for CoRoT-2 of effective temperature T eff = 5696 K and both its chromospheric activity and relatively high rotation velocity vsin i = 8.5 km s −1 imply a young age of this star.
The star with the higher effective temperature T eff = 6115 K, CoRoT-4, exhibits a relatively weak Li i resonance line. Analyzing the relatively noisy spectrum of this star in Fig.2 , we were unable to obtain a reliable value of the Li abundance. For CoRoT-4, we estimate only an upper limit to the lithium abun- Notes. The second column indicates the variation of the abundance caused by the variation in T eff . The other columns refer, respectively, to the variations caused by log g, ξ t , and W λ . The sixth column indicates the combined rms uncertainty of the second to fifth columns. The last column indicates the observed abundance dispersion for those elements whose abundances were derived using more than two lines.
dance on the order of log ε(Li) < 2.2. This apparently high Li abundance of CoRoT-4 is, however, consistent with the Li abundance of the main-sequence field and cluster stars with effective temperatures of 5900 < T eff < 6300 K (the so-called Li-plateau region according to Boesgaard et al. (2004) .)
Oxygen
To determine of oxygen abundance, we used the O i triplet lines at 7771, 7774, and 7775 Å . The atomic data were taken from the VALD database (Piskunov et al., 1995; Kupka et al., 1999) . The value of the oscillation strength of the main component was modified to fit the solar abundance of log ε(O) = 8.93 (Anders & Grevesse 1989) . The oxygen triplet lines are known to be affected by NLTE effects, which lead to an overestimation of the oxygen abundances. Even if the forbidden [O i] line at 6300.304 Å is assumed to be free from NLTE effects, this line is blended with a telluric [O i] emission line in our spectra and cannot be used for the oxygen abundance determinations. To account for NLTE effects, we used the theoretical work of Takeda (2003) , who calculated the values of the NLTE corrections for each line of the O i infrared triplet for a grid of different atmospheric parameters and equivalent widths of the oxygen lines.
For the cooler star of our sample, CoRoT-2, the NLTE correction is about 0.1 dex, whereas for the hotter star, CoRoT-4, NLTE effects are greater, about 0.2 dex. By applying the NTLE corrections, we derived the oxygen abundances log ε(O) = 8.80 and 8.90 for CoRoT-2 and CoRoT-4, respectively.
For CoRoT-2, not only a strong resonance Li i line but also emission in the Ca ii lines is a strong indication of its youth and surface activity (see Fig. 3 ). In the case of CoRoT-4, emission is absent (Fig. 3) . This age-related activity is proposed to affect the oxygen abundances derived from the oxygen triplet lines Fig. 1 . CoRoT-2: Observed (dotted red line) and synthetic (solid blue lines) spectra in the region of the Li i 6708 Å line. Synthetic spectra were used to calculated the lithium abundances (from top to bottom): log ε(Li) = 2.6, 2.7, and 2.8,. The best-fit function to the observations is achieved for lithium abundance log ε(Li) = 2.7 ± 0.05. We also show three iron absorption lines.
Fig. 2.
CoRoT-4: Observed (dotted red line) and synthetic (solid blue lines) spectra in the region of the Li i 6708 Å line. Synthetic spectra were used to calculated the lithium abundances (from top to bottom): log ε(Li) = 2.1, 2.2, 2.3 and 2.4. It is difficult to determine a value for the abundance because of the noisy spectrum, and we only estimated an upper limit of log ε(Li) = 2.2. We also show three iron absorption lines. ( Shen et al., 2007) and may also affect the precision of the oxygen abundance determination for CoRoT-2 star.
Sulfur
Sulfur is a very important volatile element, being one of the commonly and observed elements, the only reference element in an extended interval of T C values between 704 K and 371 K (Lodders, 2003) . To obtain the S abundances in both stars, we selected the line of S i at 6757 Å. This line consists of three fine structure components and has to be studied using the synthetic spectrum method. We used the log g f data of Wiese et al. (1969) , which were provided by VALD. The value of the oscillation strength of the main component (-0.310) was modified to -0.340 to fit the solar abundance of log ε(S) = 7.21 (Anders & Grevesse 1989) . The sulfur abundances that we derived are log ε(S) = 7.21 ± 0.09 and log ε(S) = 7.36 ± 0.08 for CoRoT-2 and CoRoT-4, respectively.
Numerical simulations:analysis and methodology
The planetesimal disk
A protoplanetary disk contains a mixture of gas and dust grains. These dust grains collide and build up larger and larger bodies, and small solid bodies known as planetesimals are presumably formed. Protoplanets grow within protoplanetary disks via pairwise accretion of planetesimals. When the mass of a protoplanet is of the order of 10-20 terrestrial masses, it can gravitationally capture gas-rich disk, thus producing Jovian-type planets.
Protoplanetary disk is expected to lose its gas component in the first 10 Myr, leaving a disk formed essentially of dust and planetesimals.
For our purposes, we assumed that large planets observed close to their parent stars actually formed at larger distances but migrated inward due to energy loss and excess energy used to disperse the planetesimals (Murray et al., 1998) . A detailed description of the planet migration used in this work is presented in Winter et al. (2007) . It consist of a forced inward migration of a planet supposedly interacting with a planetesimal disk. Several possibilities were considered in terms of the planet eccentricities, migration rates, and mass. A more general result from Winter et al. (2007) is that 2:1 mean motion resonance is the main mechanism for driving planetesimals to the surface of the star. This mechanism operates for slow migration rates (τ = 10 5 − 10 6 yr) and low planet eccentricities.
To construct a rocky disk model valid for ages equal to or older than 10 Myr, several considerations must be taken into account. This disk containing a planetesimal distribution can be modeled using, for instance, knowledge obtained about a solar primeval nebula. Based on Lodders (2003) , in Table 7 we present the distribution of the most important and more abundant rockforming elements. We indicate the type of elements (from highly refractory up to highly volatile), their proper elements, their interval of condensation temperature, and finally, their semi-major axis distribution (in AU) with respect to a central solar type star whose radial thermal distribution is valid for an age older than 10 Myr.
For simplicity, we assume that in a certain epoch of the disk evolution, most probably in the range 20 -30 Myr (see Sect. 5), the disk is formed by a sea of planetesimals defining three representative zones: a refractory rich planetesimals zone R between ∼ 0.03 AU and ∼ 0.1 AU (between 1780 K and 1360 K), an intermediate zone I for particles between ∼ 0.1 AU and 1.56 AU (1360 K to 200 K), and a zone V of volatiles between 1.56 AU and ∼ 4.5 AU ( < 200 K).
In reality, the situation must be far more complex. Because nebular turbulence and dust migration probably occur during the earlier nebular stages, a radial mixture is expected. If zone R contains the pure refractory elements, zone I must contain a true mixture of elements. An example of this mixture in zone I, is the presence of Triolite (FeS) at 0.15 AU with a T C 700 K (Lodders, 2003) . At this distance, an important condensation of pure Fe grains and a mild condensation of pure C may also occur (Wehrstedt & Gail, 2002) . The zone I also contains the internal end of the migration condensation front of H 2 O particles at ∼ 0.8 AU coming from the external zones of the disk (Davis, 2005) . In summary, we can consider that zone I contains planetesimals composed of a mixture of refractory type grains and volatile ices. The zone V is characterized by the abundant highly volatile CNO elements for which the highest T C is only 180 K for oxygen. 
The planet migration
We numerically integrated the CoRoT-2, CoRoT-3, and CoRoT-4 systems within the circular restricted three-body problem of star-planet-planetesimals. The orbital and physical parameters for these stars are listed in Table 8 . Each parameter is listed along with its formal uncertainty. We assumed that the planet may have been formed at a distance between 2 and 5 AU, where they are supposed to form under conditions where condensible materials exist. Thus, the planet is set initially with semi-major axes a P i =2, 3, 4, and 5 AU and eccentricity e P = 0.0. The planet is forced to migrate inward to its current position, a P f , with constant speed in a time-scale τ. We assumed that the planetesimal disk is composed of 1000 test massless particles moving around the star on initially randomly distributed circular orbits. The disk is interior to the orbital radius of the planet. The newly formed planet is surrounded by an annular gap in the planetesimal disk (Wisdom, 1980; Lissauer, 1993) . We assumed here an annular gap of 0.5 AU relative to the outer disc edge. Therefore, the outer radius is, in all cases, 0.5 AU smaller than the initial position of the planet. Thus the disk outer radius (a D f ) is located at 1.5, 2.5, 3.5, and 4.5 AU, according to the planet initial semi-major axis. The inner radius (a D i ) of the disk is located at 0.03 AU.
We are interested in studying the relationship between the metallicity of these CoRoT systems and the migration resulting from interaction with planetesimals. Since a part of the mass of planetesimals will be accreted by the star during migration, we need to estimate for these CoRoT systems the mass of the disk contained inside the orbit of each planet. Considering the initial semi-major axes of the planets, we calculated the orders of the total mass M D of the planetesimal disk required for the planet to migrate to its current position (Adams & Laughlin, 2003) . These data are presented in Table 9 . We assumed that about 1% of the disk is in the form of solid bodies called planetesimals (Davis, 2005) . We note that the order of the total mass of the planetesimal disk increases with planetary mass and larger a P i . Using these values, we now estimate the percentage of the element types that fall on the star during the planet migration. The numerical code SWIFT (Levison & Duncan, 1994) was used. The integrator is based on the MVS method developed by Wisdom & Holman (1991) .
In general, the numerical simulations were performed for a timescale of 10 5 years. The integration for each particle was interrupted whenever one of the following situations occurred:
(i) collision between the planetesimal and the planet, i.e., when the planetesimal becomes closer than 1.2 planetary radii from the planet;
(ii) collision between the planetesimal and the star, when the planetesimal becomes closer than 2.5 stellar radii from the star; (iii) ejection from the system, when the planetesimal reaches more than 50 AU from the star.
Results
The results of the numerical simulations are presented in Fig.  4 . In that figure, we show the dependence of the percentage of planetesimals that fall on the star in terms of the value of a P i . The main significance of the results are the statistics in terms of percentage of collisions with the star of planetesimals characterized by R, I, and V as a function a P i . The values of the percentages were obtained by measuring the number of planetesimals of the R, I, and V zones that collided with the star. Thus the percentage of collisions of planetesimals with the star gives an estimate of the mass of each type of material that the star will accrete due to the migrating planet. We note that while this percentage provide reasonable estimates of the accreted mass, the assumption of there being a constant migration is not strictly correct since these collisions will tend to decrease as the planet migrates inwards.
We can also note from Fig. 4 that the percentage of planetesimals in the volatile zone that fall on the star is increases with increasing value of a P i . This is due to the disk model considered. As mentioned in the previous section, the circumstellar disk is assumed to contain highly volatile particles between 1.56 and 4.5 AU. They are distributed in that region for values of the initial position of the planet beyond 2 AU. Thus, there are fewer particles in the volatile zone when the planet has an initial position 2 AU. In this case, all the particles are practically initially distributed in refractory and intermediate zones. Since the size of the refractory zone is much smaller (0.03 -0.1 AU) than the size of the intermediate zone (0.1 -1.56 AU), there is a much larger quantity of particles in the intermediate zone. A more significant number of particles is then expected to fall on the star from the intermediate zone. Therefore, our results show that for these CoRoT systems, particles from the intermediate zone dominate the collision process onto the star. In total about 79% of planetesimals from the intermediate zone were found to be falling onto the star. In the CoRoT-2 and CoRoT-3 cases, all material (∼ 5%) of planetesimals from the refractory zone fell onto the star.
For all the migration cases of the planet of the CoRoT-4 system, we note that planetesimals from the refractory zone did not fall onto the star. This occurred because the planet migration halts before the 2:1 resonance reaches the refractory zone.
When planets migrated from the initial position at 3 AU, about 3% of the planetesimals from the refractory zone fell onto CoRoT-2 and CoRoT-3 stars. Planetesimals from the volatile and intermediate zones fell on the stars. The results show that about 13% belongs to the volatile zone, while 59% belongs to the intermediate zone. For the initial positions of the planet at 4 and 5 AU, our results do not show significant differences between the values of percentages of planetesimals from the refractory, intermediate, and volatile zones that fall on CoRoT-2 and CoRoT-3. In these two cases, the numerical estimates are very close. There is doubtless no dependence of these percentages values with the initial semi-major axis of the planet. In general, giant planets are, therefore, be expected to form at distances between 4 and 5 AU. We focused on the situation of an orbital radius at 5 AU, where giant planets form and gain most of their mass.
Motivated by the much smaller total mass of its planetesimal disk than the other systems (Table 9) , the numerical simulations for the CoRoT-4 case were also performed for timescales of 10 3 and 10 4 years. For very rapid migrations, the planetesimals experience close approaches to the planet and a significant number of them are ejected from the system (Winter et al., 2007) . The question that we wish to answer is: how much mass from the disk will the star accrete during these times? The results are shown in Fig. 5 . In this case, we can note that 26% of planetesimals from the intermediate zone collided with star for τ = 10 4 years, while for τ = 10 3 years the value is about 3.9%.
Parameters dependence
Until now, the results presented are concerning a given set of parameters model. In order to gain more insight into the numerical results from our disk simple model, it is useful to characterize and, when possible, quantify its dependence with respect to some of the parameters used. To investigate the sensitivity of our results, in this section we present a study about the influence of some of the adopted parameters on the amount of planetesimals that fall on the star.
R, V and, I location zones
A starting point for our discussion is provided by the distribution model of planetesimals in the disk, which is given by the location of the R, I, and V zones. This has important consequences. It im- plies that the percentage of the type of elements that fall on the star seems to be uniquely controlled by the location zones considered. As mentioned in Section 4.1, in reality a radial mixture of bodies of zones R and V must be contained in the whole disk. The intermediate zone is characterized by this mixture. Thus, we studied the sensitivity of our results to the location of the zones considered. It is therefore important to know how different locations of the R, I, and V zones affect the percentages of collisions of planetesimals with the star. To test the dependence of the results on the location zones, we relaxed the borders of the locations by considering 2 cases. In the first case, we moved the border between refractory and intermediate from 0.1 AU to 0.3 AU. In the second case, we moved the border between intermediate and volatile from 1.56 AU to 1.2 AU.
Our results suggest that there are significantly change in the percentage values for the CoRot-2 and CoRot-3 systems (see second and third columns of Fig. 4) . In these cases, it can be seen that a combination of higher and lower values of the initial distribution borders R and I (or I and V) results in an abrupt transition between refractory and intermediate elements (or intermediate and volatile elements) occurring at the positions that we defined as the borders. Thus, a reasonable fraction of particles near the borders change from "intermediate" to "refractory" elements (or from "intermediate" to "volatile" elements). In the first case, the percentage of refractory material that fall onto the star is increased by a fraction and the intermediate material that fall on the star is decreased by that same fraction. The same idea is valid for the second case, a fraction of intermediate material near the border is classified as volatile material. Then, the percentages of intermediate and volatile material are increased and decreased by the same amount, respectively.
For CoRot-4 system, there is only a change in the percentage values when the border between intermediate and volatile material is moved from 1.56 AU to 1.2 AU. There is no change in the percentage of refractory and volatile materials that fall onto the star when the border between refractory and intermediate zones is moved. This is because the mean-motion resonances play the main role in the orbital evolution of the planetesimals and their locations are unchanged by the shift of the borders. In this scenario, there is no change in the distribution of the initial orbital semi-major axis of the particles, but only a determination of the new location of the R, V, and I zones.
Planet on eccentric orbit
Another point for our discussion is provided by the planet's eccentricity e P . We recall that the value of e P for any extrasolar planet can vary significantly due to uncertainties in the current observational methods of detection. As we can see in Table 9 , the value of e P for CoRot-3b and CoRot-2b were assumed to be zero Deleuil et al., 2008) . Thus, it is important to know whether different values of e P yield different evolutions. Winter et al. (2007) presented a numerical study about the influence of e P on capture of planetesimals in mean motion resonances during the planet migration. They showed that for M planet = M Jupiter , when e P = 0, the planetesimals are caught on 3:2, 5:3, or 2:1 resonances. The 2:1 resonance is responsible for the majority of impacts on the star. For e P = 0.1, the 5:2 and 3:1 are also important, but the 2:1 resonance is strong enough to dominate the orbital evolution of the planetesimal. In the case e P = 0.2, the 4:1 resonance is important, while the 3:2 and 5:3 resonances contribute very little to the evolution of the planetesimals. Other resonances also become important for the cases e P = 0.3, 0.4, and 0.5. Therefore, the orbital evolution of the disk of planetesimals is affected by several resonances but not dominated by any particular one. In these cases, the planetesimals with semi-major axis larger than 0.65 AU are spread without being captured in resonance. Until now, we have assumed that the CoRot systems have e P = 0. A comparison of Fig. 4 with the results of Fig. 6 from Winter et al. (2007) for e P = 0 and τ = 10 5 yr show that, in general, the percentage of planetesimals that fall on the star is between about of 70 and 80 %. Winter et al. (2007) demonstrated that this result is a direct consequence of the value of the migration speed.
We also studied the evolution of the system by considering the planet to be on an eccentric orbit. In Fig. 6 , we present the results for e P = 0.1, 0.3, and 0.5, respectively. As expected for a circular orbit (see first column of Fig. 4 ) the percentage of collisions with the star decreases (from about 10% to 35%) when the planet's eccentricity is increased . In general, we note that the percentage of intermediate and volatile materials accreted decrease. For the CoRot-3 system, the integrations stopped when the last planetesimal was removed from the system. The planet did not complete its migration at its current position. The same occurred for the planet from CoRot-2 system when e P = 0.5. In both systems, the percentage values of refractory material do not differ from those for e P = 0. In the CoRot-4 case, some planetesimals had survived when the integrations finished, but the planet arrived at its current position, a D f = 0.09 AU. In this case, we note an increase in the percentage of refractory material that fall on the star. Planetesimals in the refractory zone are captured in mean motion resonances and some of them fall onto the star.
A planet on an eccentric orbit can significantly increase the eccentricities of the planetesimals because of its gravitational perturbation force. When planetesimals reach very high eccentricities they are then removed from the system by collision or ejection. As shown in Winter et al. (2007) , a fraction of planetesimals are spread without being captured in resonances. On the other hand, other planetesimals are captured in several resonances (2:1, 3:1, 7:2, 5:1, 6:1, and 5:2). Planetesimals in higher resonances are not so well protected against close approaches with the planet and a fraction of them are ejected from the system.
Warm planetesimals disk
Here we consider a disk of planetesimals with eccentricities initially distributed between 0 and 0.1. The results are presented in Fig. 7 . We note that the results are similar to those of a disk of planetesimal initially in a circular orbit about a planet with an eccentricity of 0.1 (first column of Fig. 6 ). The differences between these results and those from the first column of Fig. 4 are due to the amount of refractory material that fall on the star. Here, only the CoRot-4 system has a percentage value of refractory material similar to those for e P =0.0. In the present case, planetesimals in the refractory zone are ejected from the system. In the CoRot-2 and CoRot-3 systems, there is also a decrease in the amount of refractory material that falls onto the star, which was also ejected from the system. That is because the eccentricity (of the planetesimal or the planet) affects the capture in mean motion resonance between the planetesimal and the planet. We learned from Winter et al. (2007) that the 2:1 resonance is responsible for the majority of impacts onto the star. According to Quillen (2006) , a body is captured into the 2:1 resonance when its initial eccentricity is below a certain limit given by e lim ∼ 1.5µ 1/3 . This is about 0.126, 0.220, and 0.371 for CoRoT-4, CoRoT-2, and CoRoT-3 systems, respectively.
The link between migration and stellar abundances
We now discuss some assumptions and physical conditions that are the basis of the link between the consequences of the type of planetary migration considered and the distributions of the elemental abundances relative to the condensation temperatures T C . To test this link, we present in Fig. 8 the abundances as a function of T C for the CoRoT stars. At a certain phase of the disk evolution, we assume that the disk is homogeneously filled with planetesimals between a minimal typical distance of ∼ 0.03 AU and a maximal one of ∼ 4.5 AU. We also assume that a giant planet is formed at ∼ 5 AU, before migration. An age of the system (star + disk) of 20 to 30 Myr is critical for the efficiency of this process (Winter et al., 2007) . At this age, when the disk is already devoid of its gas component, a low mass central star will indeed reduce, for the first time, its external convective layer to its minimum configuration (see for instance Ford et al. (1999) ). In this situation, any metallic content of the planetesimals falling onto the star will probably remain in the photosphere of the star contributing to its metallic enrichment. This may also be true for ages older than 30 Myr, but not younger than 20 Myr because any enrichment would then be drastically reduced due to the larger convective layer at these early epochs. Clearly, the stellar enrichment depends on the quantity of infall material. If this mass were of the order of 35 Earth masses of planetesimals consisting essentially of iron, this induced migration mechanism could furnish an iron enrichment of the order of 1.8 dex, as observed in stars hosting hot Jupiters (Winter et al., 2007) . But, how would this affect the infall of a collection of rocky materials of varying richnesses of refractory, intermediate, and volatile elements? First, we must consider that in general, stars apparently without detected planets exhibit flat distributions (zero slope) of the element abundances with respect to T C (Ecuvillon et al., 2006) . Then, in principle, any differential stellar accretion will produce a positive slope of [X/H] versus T C if the volatile contribution is smaller than the refractory contribution. In contrast, negative slopes should appear if the volatile contribution is far more important.
Observationally speaking, also in the case of SWP, flat distributions are universally found (Ecuvillon et al., 2006) . It is mainly for this reason that zero gradient distributions are, in the literature, synonymous with the absence of a self-enrichment mechanism. Nevertheless, Smith et al. (2001) found, using a collection of abundance data from the literature, that about six stars exhibit positive slopes. Other authors (Gonzalez, 2006a,b; Sadakane et al., 2002; Takeda et al., 2001) found no dependence of the abundances on T C . Applying our differential accretion mechanism methodology to three CoRoT systems (2, 3, and 4) considered in this paper, we found surprisingly that in all cases the volatile and intermediate contributions were very similar and much larger than the refractory ones (Fig. 4) . Here, we present the results for a relatively slow planetary migration of 10 5 years. As shown in Winter et al. (2007) , for shorter migration times, the accretion mechanism is less efficient. We show this in Fig. 5 only for the case of CoRoT-4, which involves in the infall of intermediate material only.
At the top of Fig. 8 , we have separated by arrows along the T C scale, the three V, I, and R domains. In general, we can infer that similar V and I contributions represent a flat distribution of the elements in these two zones. In case of significant stellar accretion, the flat distribution will only be shifted upward as a whole. In the case of modest or null accretion, the original and flat distribution will be maintained. This is in fact, the case of CoRoT systems 2 and 3, where migration, at least in these conditions is not realized (see Sect. 6). Only in the case of CoRoT-4 may differentiate accretion can contribute approximately to a mild metal enhancement, but only for rapid migration (Fig. 5) .
We found that the accretion contribution of highly refractory elements such as Ca, for example, is small compared to those of I and V elements. In this case, what would be the meaning if, in case of a net metallic enhancement, we were to observe that the R elements have the same levels of abundances as V and I elements? We can indeed infer that R and I elements were originally more mixed in the disk as we thought. In other words, R elements are contained in I and maybe only the two zones V and I are the more realistic representatives ones.
We can interpret these results in another way. At the end of Sect. 4.1, we discussed some effects of the mixing processes during the primeval stages of a solar/stellar nebula. The detection of silicate bands in comets (Hanner et al., 1994) indicates that crystalline forms can exist in these outer disk bodies (Bouwman et al., 2000; Wooden et al., 2000) . Since these crystals can only be formed at the relatively high disk temperatures existing near the star, it has been proposed that a large-scale mixing occurred during the early disk epochs, transporting material from the inner to the outer regions of the disk. Mechanisms such as turbulence and large-scale meridional flows in regions close to the disk midplane can act in this way. In contrast, inflow can exist above the midplane (Keller & Gail, 2004) . Whether these mechanisms can be changed by the presence of magnetohydrodynamical turbulence was studied by Carballido et al. (2005) . Independently, we have ultimately identified for our case, two different situations depending on the extent of these mixing processes. On the one hand, for a partial mixing we maintain the R, I, and V zones or only V and I. On the other hand, we obtain a single large intermediate zone disk when the early disk is completely and totally mixed.
Results and conclusions
In Fig. 8 , we present one of our most important result: the relative distribution of the abundances of refractory, intermediate, and volatile elements as a function of their condensation temperatures for four CoRoT stars. A flat distribution is found for all of them, even if CoRoT-3 presents a slight tendency to display a positive slope. Clearly, a more reliable determination of this slope would be obtained if a complete collection of abundances of the highly volatile CNO elements was at hand. In any case, we also note the importance to dispose of measurements of the volatile S and Zn elements.
When considering the metallic abundances of CoRoT-2 and CoRoT-4, derived in this work, we found that the metallicity of CoRoT-4 is somewhat higher than that proposed by Bouchy et al. (2008) , hence confirming a mild metallic excess. We compare the stellar parameters with those in the literature for CoRoT-2 and CoRoT-4 in Table 2 .
CoRoT-2 star deserves particular attention because of its significant stellar activity and its youth indicators represented, respectively, by its Ca II H and K lines (Fig. 3) and its Li resonance line (Fig. 1) , contrasting sharply with those of the older 1 Gyr star CoRoT-4 (Moutou et al., 2008) , which does not exhibit these features. Its age can be determined from the equivalent width (EW) and abundance of Li by using diagrams of the Li values as a function of the T eff values. By considering its measured EW of 124 mÅ we found, using the diagrams presented by Torres et al. (2006 Torres et al. ( , 2008 , that this star falls in the lower dispersion limit of the Li abundances found for the members of the Pleiades cluster, with an age of 119 ± 20 Myr (Ortega et al., 2007) . By using its Li abundance found here of 2.6, we arrived at the same position in the diagrams of Torres et al. (2006) and da Silva et al. (2009) . From all these matches, we infer an age of 120 Myr for CoRoT-2, from which Bouchy et al. (2008) proposed an age of < 500 Myr. This new age implies that of CoRoT-2 is one of the youngest known two stars with planets, the other being HD 70573, a debris-disk type star of a similar age and Li abundance (Setiawan et al., 2007) . The T eff values of these two solar-type stars are in a short temperature interval, where old solar-type stars with planets exhibit a peculiar Li depletion with respect to similar stars without planets (Israelian et al., 2009 ). CoRoT-2 and HD 70573 are unaffected by this Li depletion due to their youth (see also Pinsonneault (2009) .
We performed simulations of planetary migration into an internal disk composed of differentiated particles (planetesimals) with refractory, intermediate, and volatile properties, and applied these simulations to three CoRoT systems. The accreted material contains large and similar contributions of I and V particles and a very small contribution of pure refractory elements, as shown in Fig. 4 . In other words, accretion is mainly "cool" and "warm" and not "hot" as largely mentioned in the literature. Because zone I exhibits a mixture of chemical properties, mainly containing common elements such as Fe, both intermediate and volatile contributions produce a flat distribution of [X/H] versus T C , as for the observed three CoRoT systems considered here.
When there is a complete primeval mixing of elements in the disk, a single intermediate zone will be maintained producing a flat distribution of abundances as a function of T C . However, if the mixing is incomplete or partial, some R and V rocky material will be maintained near and far from the star, respectively. An extended I zone (see top of Fig. 8 ) will control a large part of the slope. In that case, the agreement of the model with observations will depend mainly on the extended distribution of the element abundances with T C < 304 K. Nevertheless, this region, containing volatile and highly volatile elements such as CNO and noble gases, in general, requires spectra of higher S/N than our own to measure the abundances. By considering our O abundances for CoRoT 2 and 4 and the C abundances for CoRoT 3 by Deleuil et al. (2008) and that for CoRoT 5 (Rauer et al., 2009) , we obtained one collection of quite flat gradients as presented in Fig. 8 . We note that CoRoT 3, for which the gradient is the least flat, is a peculiar case because its "planet" is probably a brown dwarf star. We conclude that to obtain a reliable collection of highly volatile element abundances of CNO and noble gases, data of even higher S/N are required.
In any case, independently of whether accretion is important or not, depending on the accreting mass, the main result of this work, is that, for the CoRoT systems considered, flat distributions that appear to be observationally the rule, do not represent the absence of a self-enrichment mechanism as sometimes mentioned in the literature. In contrast, we show here that flat distributions of the elements abundances as function of T C could be a natural result of accretion.
Does the discussed type of migration represent true situations for the CoRoT systems 2, 3, and 4? This is not the case for, at least systems 2 and 3, where unrealistically high disk masses are necessary to bring the planets to their observed final distances with respect to the star (Adams & Laughlin, 2003) . System 4 can be considered an exception. A different migration of type II in a disk containing gas (Papaloizou & Terquem, 2006; Armitage, 2007) has to be invoked for CoRoT-2. The CoRoT-3 system is particularly difficult and could represent a challenge to migration theories. If this planetary body, with an exceptionally high mass of 21.66 M J is a real planet and not a brown dwarf, a type II migration study must first avoid the collision of the planet with the star due to the large planetary eccentric orbits developed, which is the case, at least, for a ∼ 10 M J (Rice et al., 2008) . These authors mention that if the gas disk dissipates quickly, the eccentric orbits of these massive planets could eventually be tidally circularized (Ford & Rasio, 2006) . Is this the case of CoRoT-3 system?
CoRoT-4 system with a planet of 0.72 M J , also requires a high primeval disk mass of ∼ 0.2 -0.3 M ⊙ . Even if it were an extreme case, it could be acceptable for a star of 1.2 M ⊙ . Nevertheless, our simulations indicate that in this case only a very rapid migration of 1000 yr can produce a metal enhancement as observed of [I/H] ∼ 0.1., if occurred in the first 20-30 Myr, when the stellar convective layer for the first time attains its minimum configuration (Ford et al., 1999 ), This could also be possible in principle, even for the smaller planet of mass 0.467 M J related to CoRoT-5 (Rauer et al., 2009 ). We also show that these results are highly dependent on the model adopted for the disk distribution regions in terms of refractory, intermediate, and volatile elements and the other parameters considered.
